The phenomenon of urban ecology is very comprehensive, for example, rapid land-use changes, decrease in vegetation cover, dynamic urban climate, high population density, and lack of urban green space. Temporal resolution and spatial resolution of remote sensing data are fundamental requirements for spatial heterogeneity research. Remote sensing data is very effective and efficient for measuring, mapping, monitoring, and modeling spatial heterogeneity in urban areas. The advantage of remote sensing data is that it can be processed by visual and digital analysis, index transformation, image enhancement, and digital classification. Therefore, various information related to the quality of urban ecology can be processed quickly and accurately. This study integrates urban ecological, environmental data such as vegetation, built-up land, climate, and soil moisture based on spectral image response. The combination of various indices obtained from spatial data, thematic data, and spatial heterogeneity analysis can provide information related to urban ecological status. The results of this study can measure the pressure of environment caused by human activities such as urbanization, vegetation cover and agriculture land decreases, and urban micro-climate phenomenon. Using the same data source indicators, this method is comparable at different spatiotemporal scales and can avoid the variations or errors in weight definitions caused by individual characteristics. Land use changes can be seen from the results of the ecological index. Change is influenced by human behavior in the environment. In 2002, the ecological index illustrated that regions with low ecology still spread. Whereas in 2017, good and bad ecological indices are clustered.
Introduction
Urban areas are a very complex environment. City also offers a variety of city facilities, transportation, and infrastructure which affects people to move from village to city.
Increased urbanization has an impact on urban land change, such as the increase of average air temperature due to the reduced vegetation in urban areas [1] . This ISTEcS 2019 city growth has accelerated the urbanization and industrialization in these regions, leading to dramatic land use and cover change (LUCC) from vegetation to built-up areas.
Vegetation cover transformations are so pervasive that when aggregated in a particular place, they significantly impact the key aspects of local ecosystem functioning, such as biodiversity conservation, climate warming, urban heat islands, and water supplies [2] . Therefore it is not easy to solve urban problems quickly, precisely, and accurately.
Remote sensing technology is becoming a breakthrough for urban managers to monitor land use change. Remote sensing can be used as a synoptic view for the identification of objects, patterns, and human interactions.
This perspective is particularly useful for researching the urban environment and phenomenon, which can be used for pattern analysis in comfortable city environments [3] . Field measurement is the most commonly used method in urban field research but requires substantial time and cost. Thus remote sensing data is essential for time and cost efficiency. Remote sensing also has a historical perspective in multi-temporal data so that it can be used for the measurement of natural processes in urban, urban growth, urban sprawl, and urban development model. Besides, remote sensing is highly relevant to geo-information technology, such as GIS, spatial analysis, and dynamic modeling, where remote sensing and GIS data can be used for monitoring, synthesizing, and modeling urban environments [4] .
Conversion of agricultural land to non-agricultural land and changes in green areas into constructed land are key indicators of land use change. The rapid growth of the builtland results in environmental degradation. Thus, the environmental, ecological impact must be assessed spatially-temporally based on spatial data. Spatial heterogeneity is an unevenly distributed land cover pattern within a region. Spatial heterogeneity patterns are based on spatial dependence variations. Spatial dependence arises when the pixel value in a given location is affected by the pixel value around it. Mixed pixels [5] become quite complicated issues. Several studies have examined issues related to heterogeneity and ecological homogeneity of land surface parameters from remote sensing, e.g., vegetation index, soil surface temperature, soil moisture, built-land, and wetness index.
In remote sensing research, several techniques have been developed to assess spatial and spectral variations. Grid-shaped analyzes of specific pixel sizes that have inter-pixel dependency levels is a challenge in many remote sensing related studies.
Spatial dependency in index measurements, such as the Moran Index, is also frequently used in the empirical analysis. However, this index reflects spatial correlation in a general perspective that incorporates all samples, but can not provide information on ISTEcS 2019 homogeneity values in pixels. Measuring local spatial associations, such as semivariance analysis, becomes an alternative to solve the challenge in spatial heterogeneity [6] .
Spatial heterogeneity is influenced by the scale, pixel size, and distance on the map so that the type of image used is very influential on the results. Since spatial heterogeneity measurements are dynamic, remote sensing technologies need to be developed to address the spatial heterogeneity problems.
In this study, remote sensing data-based Ecological Index was used to assess spatial- 
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Geometric correction
Geometric correction of satellite images involves modeling the relationship between the image and ground coordinate systems. There are both systematic and non-systematic geometric errors in satellite imagery. The systematic errors in Landsat imagery are well documented and are primarily functions of scan skew, mirror-scan velocity, panoramic distortion, platform velocity, perspective and earth rotation [7] . Data of sensor characteristics and ephemeris information are modeled and applied to the raw imagery as part of the systematic correction performed by the Landsat receiving stations. Assuming an accurate correction based on ephemeris model is implemented, systematic errors are corrected in commercially available Landsat imagery (e.g., ACRES Landsat-7 ETM+ Level 5 product). Non-systematic errors are mainly caused by variation through time in the position and attitude angles of the satellite platform. Without accurate parameters of sensor platform orientation, these errors can only be corrected by image-to-map rectification or image-to-image registration using Ground Control Points (GCPs) and a suitable precision photogrammetric or empirical model.
OLI and TIRS at sensor spectral radiance
Images are processed in units of absolute radiance using 32-bit floating-point calculations. These values are then converted to 16-bit integer values in the finished Level-1 product. These values can then be converted to spectral radiance using the radiance scaling factors provided in the metadata file: 
Ecological index
The Ecological Index is developed by a combination of three indicators and extracted 
a. NDBSI (Normalized difference bare land and soil index)
NDBSI considers the index-based built-up index (IBI) used for mapping constructed land. This index looks at the whole in terms of constructed land, bare-land that is not clear of vegetation. IBI is an index that represents the existence of urban land area [8] .
The problem of mixed pixels often occurs in urban land-use analysis, requiring other
indices to serve open land in urban areas. In this study, we used the Soil Index (SI) [9] .
Urban land is made using two indices namely IBI and SI.
b. NDVI (Normalized difference vegetation index)
NDVI (Normalized Difference Vegetation Index) is an image calculation to determine the greenish level, which is very good at the beginning of the division of the vegetation area. NDVI has values ranging from -1.0 to +1.0 [10] . Values greater than 0.1 usually indicate an increase in the degree of greenness and intensity of the vegetation.
c. LSM (Land soil moisture)
LSM is wetness elements in remote sensing imagery used as an indicator in research involving blue, green, red, near infrared, and mid-infrared wavelengths.
d. LST (Land surface temperature)
The standard method for retrieving LST from raw Landsat datasets requires the conversion of the DN values of the thermal bands (Band 6 in Landsat ETM+, and Bands 10 and 11 in Landsat TIRS) into at-satellite spectral radiance values (Lλ) [11] . And then into the at-satellite brightness temperature (Tb), which is calculated under an assumption of unity emissivity (ε) and using pre-launch calibration constants [12] . A correction for spectral emissivity follows this process according to the nature of the landscape. In this study, we used the thermal Band 6 of Landsat ETM + and Band 10 of Landsat OLI to ISTEcS 2019 retrieve the LST for the years 2000 and 2016, respectively. The calculations of Lλ, Tb, ε, and LST were performed in light of these references [13] .
e. Data resources and pre-processing data
The creation of the Ecological Index uses the principal component analysis (PCA) to combine the three indices. PCA is a mapping procedure used to summarize several bands into fewer bands. Rodarmel & Shan (2002) [14] mentioned that the correlation matrix in PCA is more suitable for measuring different units when compared to covariance matrices. The complexity parameter also influences high accuracy in PCA. The degree of correlation of the parameters depends on the scale mapping.
Consequently, the aggregation rate of the pixel can produce components better than others when adapted to the synergism between parameters and influenced by spatial resolution. The PCA is based on the correlation matrix that alters the variables measured at different scales to obtain the chosen standard value. This PCA will provide several methods of combining spatial data and spectral data. 
Spatial heterogeneity analysis
The analysis focused on clustering aspects, which the name of spatial clustering and ecological index. Moran's I is a correlation coefficient that measures the overall spatial autocorrelation [2] . In other words, it measures how one object is similar to others surrounding it. If objects are attracted (or repelled) by each other, it means that the observations are not independent. This violates a basic assumption of statistics-independence of data. In other words, the presence of autocorrelation renders most statistical tests invalid, so it is important to test for it. Moran's I is one way to test for autocorrelation. 
Semi-variance analysis
Semi-variance is used for geospatial calculations associated with spatial continuity in
Ecological Index values. The value of the experimental semivariance for a vector is derived from calculating one-half the average squared difference between every data pair separated by a specific lag distance of h [6] 3. Result and Discussion
Data analysis result
Vegetation provides a spectral response at visible wavelengths with lots of absorbed energy and less transmitted energy. Wavelength in the range 0.54 μm-0.50 μm is the green spectrum is the chlorophyll absorption area, resulting in a high enough reflection, while in the near infrared spectra, green vegetation provides a very high reflection [17] .
Hoffer & Johannsen (1969) [18] also mentioned that in the near-infrared spectrum, healthy green leaves tend to reflect more and continue electromagnetic forces, but absorb less electromagnetic energy. This tendency leads to near-infrared spectra very sensitive to changes in leaf density levels, as part of the infrared spectrum power will be re-reflected by the leaf surface below. In the green band, the spectral reflectance value of vegetation will be good. The red, green, and blue channel combinations produce a true color composite. Other channel combinations produce a false-color composite ( The urban surface is more complicated phenomena, and spectral heterogeneity in this area is notable due to the spatial resolution, especially for a thermal image. So the occurrence of a mixed pixel is collective and therefore effective emissivity should be considered more cautiously. Land soil moisture conditions play a critical role in evaluating terrestrial environmental conditions related to ecological, hydrological, and 
Ecological index
These statistics provide a single value that describes the spatial autocorrelation of the dataset as a whole. ENVI Classic offers three global spatial statistics, consisting of the spatial autocorrelation statistics known as Moran's I, Geary's C, and semivariance.
The Moran's I index compares the differences between neighboring pixels and the mean to provide a measure of local homogeneity. The value range is between +1 and neighboring pixel values to provide another measure of dissimilarity within a dataset. It differs from the unit less Moran's I and Geary's C indices in that it is in the same units of the input dataset, and the value range is only constrained to be greater than or equal to 0. While autocorrelation statistics indicate the local homogeneity of a dataset, it is sometimes interesting to understand how that autocorrelation decreases as distance increases. In statistics, the standard deviation is a measure used to measure the amount of variation or distribution of a certain amount of data values. The lower the standard deviation, the closer to the average, whereas if the standard deviation value is higher than the width of the range of data variations, then the standard deviation has a big difference from the sample value to the average. of explanations involved in the calculation. This conclusion is constant with this study that used an urban area as the observation object, in which populations and buildings were highly concentrated. In general, the eco-environment was more deficient in the central section than it was in the peripheral areas close to the rural zone. A notable characteristic of the distribution in Ecological Index was that the environmentally weak areas were gathered in the center in 2017, while it was more dispersed in 2002. 
Conclusion
This combination of indices is one of the innovations for assessing the Ecological Index.
This index helps to understand the complexity of pressure variations and environmental responses to ecosystems. The Ecology Index was built using PC1 from the three factors: the study period led to ecological degradation outward. Finally, this index can be used efficiently and effectively to see changes in land use, and it's affecting factors.
